Abstract: To respond to the adverse impact of climate change on agricultural total factor productivity, the question of how to adopt actively appropriate strategies is particularly critical for the stakeholders. However, the previous researchers have paid more attention to investigating the measure methods, regional differences, and determinants of Chinese agricultural total factor productivity, but the possible impact of climate change factors like rainfall, temperature, and evaporation on regional agricultural total factor productivity in China have not yet received the attention that they deserve. Furthermore, more importantly, the study on how to take active measures to reduce and mitigate the negative effects from climate change is relatively small. Therefore, in allusion to the above-mentioned problems, using the data envelopment analysis and building a spatial panel data model embedded with climate change factors, this paper calculated Chinese agricultural total factor productivity and then explored the possible impact of climate change on regional agricultural total factor productivity at a provincial level in China. Results mainly show that the impact of some factors, like annual total precipitation, average temperature in the growing season, and evaporation intensity on regional agricultural total factor productivity, are all very significant and negative, which suggests that the more precipitation, the higher the temperature is, and the higher evaporation intensity would lower agricultural total factor productivity in China. Furthermore, in order to response to mitigate the adverse effects from climate change on agricultural total factor productivity, local governments should continue to increase financial support for the local agricultural economic development, because this action could be beneficial for the related stakeholders in improving agricultural total factor productivity. Summing up, our evidence study would provide an important basic theory basis in terms of increasing agricultural total factor productivity and promoting regional agricultural economic development in China.
Introduction
As the research concerning global climate change has moved along in recent years, a number of prior studies have found that climate change was expected to affect agriculture production in various regions [1] [2] [3] [4] [5] . Thus, investigating the impacts of climate change on agricultural production in various countries or regions and exploring the corresponding adaptive strategies to respond to the adverse effects from climate change has already become a research hotspot for several decades all over the world [6, 7] . Actually, being a fundamental issue of agricultural production, agricultural total factor productivity (ATFP) is not only a significant factor affecting agricultural economic growth, of climate change on agricultural profits, taking effective measures to deal with it is of great essence and significance.
Secondly, being one of the important main participants who will deal with climate change, governments always play a key role in adaptation to climate change and affect both the provision of agricultural production factors and the research and development of new production technologies [37, 38] . Therefore, more and more researchers are paying attention to exploring what measures governments should take in recent years. For instance, Smit et al. [39] thought that adaptive measures taken by governments, such as increasing government investment in agricultural research and development, could slow down the impacts of extreme weather events on agricultural ecosystems, and thus benefit farmers' adaptation to climate change. This conclusion had also been verified by Villavicencio et al. [40] , in the case of Israel. However, by referring to adaptation as a reaction to climate change, few studies have focused on the influences of public budget investment in agricultural research and development from government at different levels, like federal and state government in the USA, or central and provincial government in China, which may lead to less valuable insights for the policy makers. Especially for China, in order to guarantee each region's agricultural production proceeds smoothly, investment in agricultural research and development for different provinces are usually mainly from financial appropriation from the central government and provincial government, respectively [41] . Notably, however, facing adverse effects of climate change, do differences between the benefits of financial appropriation from the central government or the provincial government exist? Namely, for different provinces in China, which kind of financial appropriation would be more favorable for tackling the negative impacts of climate change? Obviously, understanding this issue may contribute to enabling the related stakeholders to effectively implement future climate adaption policies.
Regrettably, however, there is little research concerning the aforementioned two issues. Given this, by applying the data envelopment analysis (DEA) method to calculate provincial ATFP in China and establishing a spatial econometric model embedded with some important climatic change factors, such as rainfall, temperature, and evaporation, this paper contributes to filling the above gap by discussing the following two major issues. It could not only provide an important theoretical foundation for researchers to deeply understand how climate change would alter ATFP growth in China but could also enable stakeholders to draw appropriate policy conclusions with regards to agricultural adaptation to climate change. Firstly, in the context of global climate change, how climatic factors (temperature, evaporation, and various aspects of precipitation) have affected ATFP in China fitting a spatial econometric model? Secondly, to curtail the unfavorable impacts of climate change on regional ATFP growth in China, which kinds of effective adaptive strategies should be adopted by governments? Furthermore, for various provinces in China, which kind of investments in agricultural research and development (namely, financial appropriation from the central government or from provincial governments) will be more beneficial to curbing the negative influences of climate change?
The rest of this chapter is organized as follows. The methodology and data are presented in the following section. Section 3 discusses the results of the economic modeling analysis. Finally, the conclusions of this research are presented in Section 4.
Methods and Data

Methods
Huffman et al. [42] thought that ATFP was the output of crop products produced by farmers per unit input, and that it was established by dividing an index of aggregate output by an index of the inputs employed by farmers in agricultural production, e.g., land, labor, and capital (especially for public agricultural research and development capital). Therefore, we can assume a provincial production function with disembodied technical change, where Y is the total of all types of agricultural production outputs from agricultural production within a provincial aggregated into one output index, and the production function could be described as follows:
where A(GN, OV) is the related technology parameter, and it is hypothesized to be the financial appropriation from the government (GN) used in terms of the investment in agricultural research and development and other factors (OV). K is the provincial physical capital input, L is the provincial labor input, and M is the provincial materials input, mainly consisting of agricultural acreage. According to the Equation (1), we further define ATFP as
Then, we take natural logarithms of both sides of the above Equation (2), and, thus, a random disturbance term µ would be added here. Therefore, we can obtain the preliminary econometric model of agricultural total factor productivity, which is given as follows:
For this study, we aim to investigate the impacts of climate change on ATFP. Therefore, based on the model conducted by Huffman et al. [42] , we will further incorporate climatic conditions to modify it. Namely, we add the three repressors such as temperature, rainfall, and intensity of precipitation here, which can be described as follows:
where i, t denotes provinces and year, respectively. GN is financial appropriation from the government. T, P, and E represent exogenous climate conditions such as rainfall, temperature, and evaporation, respectively. Next, we will highlight these four factors affecting ATFP.
(1) Financial appropriation from the government (GN). Public budget investment in agricultural research and development from the government can effectively improve an agricultural environment and promote agricultural technical innovations and progresses in the process of agricultural production [43, 44] , and thus it seems that agricultural research and development from the government had played a vital role in boosting agricultural productivity growth for a long time. As previously mentioned, for Chinese provincial agricultural production, investment in agricultural research and development are primarily from financial appropriation from the central government (GC) and provincial government (LC), respectively. Therefore, this paper will explore the impacts of the two R&D investments in adaptation to climate change and hypothesize that financial appropriation from the government at the two levels both have a positive impact on increasing ATFP in the local region.
(2) Temperature (T). Because it not only affects the growth and development of agricultural crops, but also the arrangement of farming activities and farm machines [45] [46] [47] . Therefore, temperature is of prime importance to agricultural production. Actually, although the effects of temperature on agricultural productivity have already attracted widespread concern, this climatic variable is usually measured as the average value in degrees observed over the entire month/quarter/year in previous studies [48, 49] , and fails to investigate differential effects of temperature during the growing season and the non-growing season, which would inevitably lead to the bias of research results [40] . Therefore, this paper uses the average value in degrees observed over the growing season to analyze the influences of temperature on ATFP, and hence hypothesizes that the higher the average temperature is, the lower the ATFP is.
(3) Precipitation (P). The growth and development of agricultural crops needs a certain amount of moisture to survive, and along with the increasing global warming, precipitation has become one of the important factors affecting regional agricultural production [50] [51] [52] . To accurately evaluate the possible effects of precipitation on ATFP, two indexes are required, like the total precipitation over the entire year (PRE) and the intensity of precipitation (namely, this value is established as the ratio between the maximal monthly precipitation and annual precipitation, I NTP). Notably, however, Villavicencio et al. [40] found that the increase in the intensity of precipitation could significantly lower ATFP in various states of the USA. We also hypothesize that the total precipitation and the intensity of precipitation has a negative impact on regional ATFP.
(4) Evaporation (E). In addition to the impact of precipitation, the water use efficiency of crops is directly related to evaporation, so it also has a significant influence on regional agricultural production [47, 52, 53] . The previous studies have shown that the greater the evaporation is, the lower the agricultural activities, including food production, can access, and thus such circumstance would lead to a severe adverse outcome for regional ATFP [54] . Likewise, prior studies usually use the average precipitation observed over the entire month/quarter/year to represent a region's evapotranspiration. However, the intensity of evaporation (namely, this value is established as the ratio between the maximal monthly evaporation and annual evaporation, I NTE) are adopted here to describe a region's evaporation capacity. Also, we hypothesize that this index has a negative impact on regional ATFP.
Furthermore, according to the above analysis, Equation (4) can be expressed as follows:
According to Equation (5), in order to investigate climate change influences on agricultural productivity, we first need to obtain ATFP for 30 provinces in China. According to the study by Coelli et al. [55, 56] , there are four main types of the measure method of the ATFP, namely, production function method, growth accounting index method, the stochastic frontier approach, and the Malmquist productivity index method based on DEA, respectively. Although the last approach cannot separate the measurement error from other sources of statistical noise, and thus there exists technical retrogression due to measurement errors [57] , the use of DEA in measuring agricultural productivity primarily has the following two advantages [56] . Firstly, it does not need to make any of the assumptions, and, more importantly, it is a linear programming method which employs data on the input and output quantities of a group of regions to build a piece-wise linear surface over the data points. Secondly, it does not require any market price data to explore the factors influencing agricultural productivity growth measures. Therefore, the analysis here has employed the DEA technique to calculate the ATFP index numbers for 30 Chinese provinces. A description of this method can be given as follows:
Assume that k (k ∈ 1, 2, 3, . . . , K) represents decision making units, t (t ∈ 1, 2, 3, . . . , T) denotes time periods. There exists the nth kind of inputs (n ∈ 1, 2, 3, . . . , N) and the mth kind of outputs (m ∈ 1, 2, 3, . . . , M) in the kth decision-making units, respectively. Under certain conditions, like constant returns to scale (CRS) and strong disposability of inputs (SDI), a reference technique in the kth decision-making units in time t can be defined as follows:
Thus, the technical efficiency function, based on certain conditions like CRS and SDI in the kth decision-making units in time t can be given as:
According to the reciprocal relationship between the distance function and the efficiency function, we thereby can obtain as follows:
Next, the Malmquist productivity index can be obtained as follows:
Taking technology conditions in time t as reference, where M t 0 denotes technical efficiency variation from time t to time t + 1. Similarly, taking technology conditions in time t + 1 as reference, the Malmquist productivity index from time t to time t + 1 can be obtained as follows:
According to Equations (9) and (10), the Malmquist (output-orientated) ATFP change index between time t and time t + 1 could be expressed as follows:
where x, y represents the set of all input vectors and output vectors, respectively. Also, the input vectors in this paper contains labor (L), capital stock (K), and agricultural acreage (M), and the output vectors consists of the corresponding agricultural production (Y). The descriptive statistics of these variables can be found in Table 1 . D t 0 y t , x t denotes a technical efficiency level in time t compared with the technology conditions in time t, D t 0 x t+1 , y t+1 means a technical efficiency level in time t + 1 compared with the technology conditions in time t. D t+1 0 x t , y t represents a technical efficiency level in time t compared with the technology conditions in time t + 1. D t+1 0 x t+1 , y t+1 is a technical efficiency level in time t + 1 compared with the technology conditions in time t + 1.
Then, based on the above equations, we could obtain 30 provinces' ATFP in China. Additionally, according to Equation (5), we also could investigate the impacts of climate change on ATFP in China in more detail.
Data
To exploring the effects of exogenous climate conditions, the data sets between 1993 and 2012 are used here, the related reasons primarily are two-folds. Firstly, as the available monitoring data regarding climatic variables, such as rainfall, temperature, and evaporation covering China's 30 regions did not update frequently, and the most recent and complete data sets are only from 1993 to 2012. Moreover, other data sets employed here such as agricultural labor force, farm output, and agricultural capital stock are concentrated during this period. Therefore, to retain uniformity and consistency of all kinds of data sets, the data sets between 1993 and 2012 are selected in this paper. Secondly, for climatic change factors like rainfall and temperature, these variables usually remained stable in the short-term, and thus it would lead to a minor impact on regional agricultural production [47, 52] . Therefore, although the latest data is not available, the existing data are enough to analyze the influences of climate change on ATFP.
For each province, other data sets, such as agricultural output value, financial appropriation from the central government, and financial appropriation from the provincial government, all are from the China Statistical Yearbook . Agriculture labor force and land database can be obtained from the China Labor Statistical Year Book (1993-2013) and the China agricultural yearbook (1993-2013), respectively. Also, as for agricultural capital stock, due to the lack of public statistics, according to the study by prior researchers like Wang et al. [21] , it can be estimated by multiplying the original value of productive fixed assets and the corresponding numbers of rural households. The related data sets are from the China agricultural yearbook .
Additionally, the climate variables were derived from data sets provided by the National Meteorological Information Center attached to the China Meteorological Administration. These data sets eliminated the corresponding missing and abnormal data containing all daily ground meteorological data from 824 ground observation station between 1993 and 2012, which has gradually been used by researchers [21] . Preliminary data processing were supported by software such as SQL server and ArcGIS. Table 1 presents the above variables, their names, and descriptive statistics (mean, standard error (S.D.), average (AVG), minimum (Min), and maximum (Max)). 
Results and Discussions
Regional Differences
Based on Equation (11), 30 provinces' ATFP in China are calculated here, and the detail value has been given in Appendix A. Due to space limitations, the overall characteristics ( Figure 1 and Table 2 ) and the corresponding spatial evolution features ( Figure 2 ) for Chinese provincial ATFP are highlighted as follows. 
Results and Discussions
Regional Differences
Based on equation (11), 30 provinces' ATFP in China are calculated here, and the detail value has been given in appendix A. Due to space limitations, the overall characteristics ( Figure 1 and Table  2 ) and the corresponding spatial evolution features ( Figure 2 ) for Chinese provincial ATFP are highlighted as follows. As displayed in Figure 1 , for the overall characteristics of ATFP at a provincial level in China, the absolute difference presents a downward trend, and the relative difference also declined. Moreover, the overall evolution of these two differences shows a significant fluctuation. Specifically, standard deviation reflecting the relative difference of 30 provinces' ATFP declined by more than 217% in 2012 (0.054), compared to that in 1995 (0.118), with an average annual drop rate of 12.06% Furthermore, from the perspective of the national level (Figure 2 ), ATFP increased year by year in the Chinese northern area. For ATFP in most southern regions, particularly for the central region, north China plain, and Sichuan basin in China, it had a tendency to decline. One possible reason for this result is that the climate change factors like temperature and rainfall had played a significant role in affecting regional ATFP. Because according to the study by Zhong et al. [47] , they found that along with the increasing global warming, the falling temperature and rainfall shortage in Chinese Sichuan basin and north China plain shown some relatively obvious trends, which had become the leading cause for the ATFP downward. In addition, they also found that climate change may have a significant negative effect on food production in Chinese south regions, and on the contrary, the Chinese northern area would be characterized by increasing agricultural productivity in the future. Based on the above results, it is not difficult for us to perceive that there is a strong relationship between regional ATFP and climate change.
Also, as displayed in Table 2 , from the perspective of the regional level (The division of four regions here are as follows, the eastern region contains 10 provinces and municipalities such as Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central region consists of 6 municipalities such as Shanxi, Anhui, Jiangxi, Hunan, and Hubei. The western regions include 12 provinces and municipalities such as Chongqing, Sichuan, Guizhou, Yunan, Tibet, Shananxi, Gansu, Qinghai, Ningxia, Xinjiang, Inner Mongolia, and Guangxi. The northeastern regions contain 3 provinces such as Liaoning, Heilongjiang, and Jilin), namely, the eastern region, the central region, the western region and the northeastern region, the evolution of As displayed in Figure 1 , for the overall characteristics of ATFP at a provincial level in China, the absolute difference presents a downward trend, and the relative difference also declined. Moreover, the overall evolution of these two differences shows a significant fluctuation. Specifically, standard deviation reflecting the relative difference of 30 provinces' ATFP declined by more than 217% in 2012 (0.054), compared to that in 1995 (0.118), with an average annual drop rate of 12.06% between 2002 and 2010. Furthermore, the coefficient of variation reflecting the relative difference had a tendency to drop from 1995 (0.130) to 2010 (0.058).
Notably, however, for provincial ATFP during this period, it shows an increasing trend from 1997-1999, 2001-2003, and 2010-2011, respectively. Investigating the reason, it is related to some special event, such as a severe flood disaster that struck in south China in 1998, the SARS crisis that wreaked havoc across China at the end of 2002, the Yushu Earthquake in Qinghai province, and climate-related disasters in Gansu province. Actually, a number of studies have observed that the unexpected natural disaster or emergency incidents may affect regional agricultural production, and thus results in the decline of its ATFP [58, 59] . However, it should be pointed out that with the increase in the financial appropriation from the government in recent years, the impact of natural disasters on regional ATFP tended to be lower. In other words, this may be a positive result owing to appropriate measures taken by the government in adaptation to climate change. The results from our study clearly show that the fluctuation range of provincial ATFP in 1999, in 2003, and in 2011 diminish gradually.
Furthermore, from the perspective of the national level (Figure 2 ), ATFP increased year by year in the Chinese northern area. For ATFP in most southern regions, particularly for the central region, north China plain, and Sichuan basin in China, it had a tendency to decline. One possible reason for this result is that the climate change factors like temperature and rainfall had played a significant role in affecting regional ATFP. Because according to the study by Zhong et al. [47] , they found that along with the increasing global warming, the falling temperature and rainfall shortage in Chinese Sichuan basin and north China plain shown some relatively obvious trends, which had become the leading cause for the ATFP downward. In addition, they also found that climate change may have a significant negative effect on food production in Chinese south regions, and on the contrary, the Chinese northern area would be characterized by increasing agricultural productivity in the future. Based on the above results, it is not difficult for us to perceive that there is a strong relationship between regional ATFP and climate change.
Also, as displayed in Table 2 , from the perspective of the regional level (The division of four regions here are as follows, the eastern region contains 10 provinces and municipalities such as Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central region consists of 6 municipalities such as Shanxi, Anhui, Jiangxi, Hunan, and Hubei. The western regions include 12 provinces and municipalities such as Chongqing, Sichuan, Guizhou, Yunan, Tibet, Shananxi, Gansu, Qinghai, Ningxia, Xinjiang, Inner Mongolia, and Guangxi. The northeastern regions contain 3 provinces such as Liaoning, Heilongjiang, and Jilin), namely, the eastern region, the central region, the western region and the northeastern region, the evolution of these four regions' ATFP is in a fluctuating trend, and more importantly, Chinese ATFP did not present a convergence effect. In general, four sub-regional results also indicate that regional ATFP in China is rising in the undulation.
Estimated Results Based on Panel Data Model
According to the calculation results, this paper will explore climate change influences on provincial ATFP and the related policy issues. Considering a big difference existing in the regression results from different econometric models, in order to choose a more optimal model here to estimate the impacts of climate change, the related estimated results based on six econometric models are given in Table 3 .
Firstly, an estimated result based on pooled least squares (PLS) is displayed in Table 3 , column 2. For some variables, such as LnINTE and Constant, the null hypothesis cannot be rejected at the 1% and 5%, respectively. Moreover, clearly, two important variables such as LC and GC can be rejected at the 1%, 5%, and 10% significant level. One alternative reason is that section fixed effects is not considered in the PLS model. Actually, for various provinces, there exists a significant gap of financial appropriation between the central and local government, and the previous studies have shown that a remarkable difference existed here that required us to take section-fixed effects that do not change with time, into account with the econometric model [60, 61] . Thus, another estimated method, such as the least square dummy variable (LSDV) considering section fixed effects, is introduced here. From the perspective of results in Table 3 , column 3, two important variables such as LC and GC cannot be rejected at the 1% significance level. Also, an estimated result considering random effects (RE) is given in Table 3 , column 7. According to the Hausman test, the hypothesis of random effects model is strongly rejected. To sum up, we controlled for fixed effects in the following spatial regression models.
Secondly, considering that a lag effect might exist for the impact of financial appropriation from all levels of government on agricultural production, this paper also adds a time-lag term here to analyze the coefficient of regression of lag 1, 2, and 3, which is shown in Table 3 , column 4, 5, and 6, respectively. The estimated result indicates that for the variables like LC and GC of lag 1 and 2, both are found to be significant. However, a lag effect for lag 3 has not passed a significant test, which suggests that the effect from the LC and GC of lag 3 on ATFP is not statistically significant. Also, based on the regressions results, we can find that these values, in terms of the coefficients of LC and GC of lag 1 and 2, are relatively close, which shows that the effect of financial appropriation from governments on agricultural productivity is likely to present in the first year and the year following, and a lag effect is not obvious. Thus, in view of agricultural policy, our results may mean that research and development investment in regional agricultural development should not rely too much on the past financial inputs, and for the policy-makers, they should continue to increase investments in agricultural research and development in adaptation as a reaction to climate change to promote agricultural economic development. Notes: t statistics in parenthesis. * p < 0.10, ** p < 0.05, *** p < 0.01.
Lastly, although spatial regression models considering the fixed effects could be suitable for estimating the climate change influences on ATFP, traditional panel data models all assumed that the dependent and explanatory variables among regions are independent of each other, which might violate the first law of geography to some extent [62, 63] . Namely, in this paper, there is some kind of connection for ATFP among provinces, and it is particularly noteworthy that in order to formulate the effective adaptation policies, regional spillover effects among factors should be seriously taken into account in agricultural production, which has also been confirmed by some scholars [64, 65] . Hence, regional spillover effects in spatial regression models appears to be particularly critical here. Notably, however, these kind of spatial econometric regression models usually contain the spatial lag model (namely, it usually incorporates the spatially lagged dependent variable) and the spatial error model (namely, this model assumes that the dependent variable is dependent on a set of observed explanatory variables, and the spatially autocorrelated error term).
To choose an appropriate model here, we performed the Lagrange multiplier test and its equivalent, the robust Lagrange multiplier test. Both were conducted to study if spatially auto-correlated error terms or spatially lagged dependent variables should be considered in the econometric regression models to decide which one was the better-fitted model. A series of statistics are given in Table 4 . When using the robust Lagrange multiplier (LM) test, the null hypothesis of the spatial error model can be rejected at the significance level, which means that we should choose the spatial lag model (SLM) here. The related analysis results are displayed in Table 5 . Table 5 reports spatial lag panel model results. From the third column in Table 5 , we find out that all variables are statistically significant, at least at the 10% significance level, except LnLC*GC and LnINTP. The two variables are insignificant. Further, this paper uses a stepwise regression method to remove insignificant variables. Because the p value of LnINTP is the highest, it would be removed firstly, and the estimated results after removing the variable are given in the seventh column in Table 5 . Obviously, all variables are statistically significant, at least at the 5% significance level, except LnLC*GC. Hence, we turn to the model analysis.
As shown in the fifth column in Table 5 , the estimated coefficient for the LnLC is positive and significant, indicating that an increase in financial appropriation from local government drives up provincial ATFP. Therefore, as for the policy implication, to mitigate adverse effects of climate change on agricultural production, various provincial governments still need to continue to increase research and development inputs for regional agricultural economic development. However, unexpectedly, the effect of LnGC is found to be negative and significant coefficient, indicating that financial appropriation from central government has a negative impact on ATFP. One possible interpretation is that because the central government is not familiar with provincial agricultural development and lots of finances fail to flow into places that need them urgently, these inputs did not effectively improve the local agricultural productivity. Also, the inverse relationship between subsidies from central government and ATFP might imply that, due to the heterogeneity of agricultural production among Chinese provinces, the financial input in agriculture should consider the state of climatic environment and the characteristics of rural economic development in the region. Not all the financial appropriation would be beneficial for the related stakeholders in the context of global climate change.
Also, to further investigate the combined influence of financial appropriation from local and central government on regional ATFP, the interaction terms of LnLC*GC is added here. As exhibited in the fifth and seventh columns in Table 5 , although this variable is not significant at the 1%, 5%, and 10% significant level, the estimated coefficient value for LnLC*GC is 0.0047, which indicates that a combination of the two, rather than a single influence from the financial appropriation from central government, could promote ATFP growth to some extent. Hence, as for the policy recommendation, our results have shown that provincial government would be better acquainted with the present situation and characteristics of agricultural productivity than that of the central government, so funding inputs on improving ATFP for each province from the central government in China should be combined with financial appropriation from local governments to adapt to climate change.
Finally, the total precipitation over the entire year (LnPRE) was found to have a significant and negative impact on provincial ATFP in China. One possible interpretation is that excessive precipitation can trigger extreme floods, and thus seriously restrict agricultural production in all regions and curtail regional ATFP [66] . Actually, Kaminski et al. [53] had come to a similar conclusion for Israel. Moreover, the average value in degrees observed over the growing season (LnTEM) is negative and statistically significant, indicating that the higher the temperature, the less the regional ATFP. One alternative reason is that, due to an environment with too high a temperature, this not only hinders the production and development of crops, but also affects productivity of personnel engaged in agricultural reconstruction and agricultural technology extension. Concerned with this issue, many scholars have carried out the relevant research works and also support the issue [67, 68] . Additionally, as expected, the intensity of evaporation (LnINTE) is negative and statistically significant, indicating that an increase in the intensity of evaporation lowers regional ATFP. The reason might be explained as follows. The faster the regional ATFP evaporates, the lower the availability coefficient of water (namely, the ratio of precipitation and evaporation), which thus would lead to a reduction of agricultural productivity [47] . To sum up, for adaptive strategies taken by the policy-makers to actively address climate change, on one hand, we should pay more attention to the impacts from high temperatures and rainy weather. On the other hand, a specific focus needs to be the effect of regional evaporation on regional ATFP in China, owing to the availability coefficient of water.
Conclusions
The aim of this study is to enhance a more systemic and comprehensive understanding of the possible impact of climate change on regional agricultural total factor productivity. To this end, applying the DEA method to calculate provincial ATFP in China, this paper first analyzed overall characteristics and the corresponding spatial evolution features for Chinese provincial ATFP. In the second stage, this paper established a spatial econometric model embedded some important climatic change factors, such as rainfall, temperature, and evaporation, which were applied to investigate climate change influences on agricultural productivity. In addition, we articulated the corresponding adaptive strategies in regard to agricultural adaptation to climate change. Our main conclusions and policy implications are as follows.
Firstly, for provincial ATFP in China, the overall characteristics reflecting absolute difference and relative difference both present a downward trend. Furthermore, from the perspective of a national level, Chinese northern area's ATFP increased year by year. However, as for ATFP in most southern regions, particularly for the central region, north China plain, and the Sichuan basin in China, it had a tendency to decline. Also, from the perspective of the regional level, the evolution of these four regions' ATFP is in a fluctuating trend, and more importantly, Chinese ATFP did not present a convergence effect. In general, four sub-regional results also indicate that regional ATFP in China is rising in the undulation.
Secondly, for the estimated results based on panel data models, no matter what financial appropriation came from provincial or central governments, a time lag effect of research and development investment in regional agricultural development is not obvious. In the context of adaption strategies in adaptation to climate change, continuing to increase investments in agricultural research and development would be more beneficial to promoting agricultural productivity. Also, the estimated coefficient for the LnLC is positive and significant, indicating that an increase in financial appropriation from local government drives up provincial ATFP. Unexpectedly, the effect of LnGC was found to be a negative and significant coefficient, indicating that financial appropriation from central government has a negative impact on ATFP. Moreover, the impacts of other climate change factors, such as the total precipitation over the entire year, the average value in degrees observed over the growing season, and the intensity of evaporation on provincial ATFP all are negative and statistically significant.
Lastly, for our policy implications, on one hand, climate change may have a significant negative effect on food production in southern Chinese regions, and on the other hand, the Chinese northern area would be characterized by increasing agricultural productivity in the future. Therefore, for the related stakeholders in southern Chinese regions, considering the existing significant relationship between regional ATFP and global climate warming, to take proactive measures to adapt to climate change, all level governments should increase finance inputs to develop new agricultural technologies or switch crops. In addition, according to our results, the effect of research and development from provincial and central governments on ATFP is not the same, and to overcome the adverse effects of climate change on agricultural productivity, the amount of research investment from provincial government is needed more than that from central government. Furthermore, as far as exogenous climate factors, more attention should be paid to the effect of regional evaporation on regional ATFP in China, owing to the availability coefficient of water, expect for high temperatures and rainy weather. 
